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HSR[\ ODPLQDWHV IRU DYLDWLRQ LQGXVWU\ %DVHG RQ JOREDO DQG ORFDO VWDJHV RI VWXG\ WKLV
PHWKRGRORJ\ XVHV WKH )LQLWH (OHPHQW 0RGHO 8SGDWLQJ )(08 PHWKRG DV LGHQWLILFDWLRQ
WHFKQLTXHZLWKVLPXODWHGNLQHPDWLFILHOGVFRUUHVSRQGLQJWRWHQVLOHWHVWUHVSRQVH7KHDLPRI
WKLV SDSHU LV WR SUHGLFW WKH VSDWLDO YDULDWLRQ RI HODVWLF SODQH SURSHUWLHV DQG WR GHGXFH WKH
ORFDOL]DWLRQRIGDPDJHG]RQHV





WKH NQRZOHGJH RI WKH VSDWLDO GLVWULEXWLRQ RI WKHPDWHULDO SURSHUWLHV SURYLGHV D TXDQWLWDWLYH
HVWLPDWLRQRIWKHGDPDJHOHYHODQGORFDOL]DWLRQ*HQHUDOO\VXFKLQYHVWLJDWLRQLVPDGHLQWKH
FRQWH[W RI1RQ'HVWUXFWLYH7HVWLQJ 1'7 WKURXJK H[SHULPHQWDOPHDVXUHPHQWV RI DFRXVWLF
WUDQVPLVVLRQRUUHIOHFWLRQXOWUDVRXQGZDYHV3pURQQHWD*DUQLHU0RXULW]
<DVKLUR/HGUX%R\HUVTXDUHSXOVHRUVLQXVRLGDORUSXOVHWKHUPDOZDYHV
3pURQQHW E 3pURQQHW D*XLEHUW  ,EDUUD&DVWDQHGR &KRL  RU
GHQVLPHWULF ILHOGV 3pURQQHW E %UDXOW  &DUPRQD  6FKLOOLQJ 
%D\UDNWDUD




ORDGV DQG D WUHDWPHQW EDVHG RQ VXUIDFH PHDVXUHPHQW ZLWKRXW DQ\ DVVXPSWLRQ RQ YROXPH
GLVWULEXWLRQ*UpGLDF$YULO
$QXPEHURIVWXGLHVKDYHDOUHDG\EHHQFRQGXFWHGLQWKLVVHQVHIRULVRWURSLFPDWHULDOVHLWKHU
ZLWK HODVWLFRU HODVWRSODVWLFEHKDYLRXU )D]]LQL&ODLUH $YULO &URX]HL[
 3DQQLHU  DQG HODVWLF RUWKRWURSLF PDWHULDOV /HFRPSWH  /HFOHUF 
5LNDUGV9DXWULQ<HWDOOH[LVWLQJZRUNVLQYHVWLJDWHWKHFDVHRIPHGLDWKDWDUH
FRQVLGHUHG DV PDFURVFRSLFDOO\ KRPRJHQHRXV WKDW LV ZLWKRXW DQ\ VSDWLDO YDULDWLRQ RI WKHLU
PDFURVFRSLF HODVWLF SURSHUWLHV 7KHPDLQ FRQWULEXWLRQ RI WKLV SDSHU LV WKHQ WR SURSRVH DQ
H[WHQVLRQRIWKH)(08LGHQWLILFDWLRQPHWKRGWRWKHFRQWH[WRIGDPDJHGRUWKRWURSLFPDWHULDOV
'DPDJHLVDVVRFLDWHGKHUHWRLQWHUQDOGHIHFWVLQGXFLQJORFDOGHJUDGDWLRQRIWKHYLUJLQPDWHULDO
DQG OHDGLQJ WR D VSDWLDO YDULDWLRQ RI WKH PDWHULDO HODVWLF SURSHUWLHV 6WXGLHG PHGLD FDQ
DFFRUGLQJO\ EH FRQVLGHUHG DV PDFURVFRSLFDOO\ KHWHURJHQHRXV 7KH DLP LV WR LGHQWLI\ IRUP
NLQHPDWLF ILHOGV WKH ORFDORUWKRWURSLFHODVWLFSURSHUWLHV WRGHGXFH WKHLUVSDWLDOYDULDWLRQDQG
WKHQWRGHWHUPLQHWKHGDPDJHG]RQHZLWKLQWKHPDWHULDO
,Q D ILUVW VWHS WKHPHWKRGRORJ\ LV LPSOHPHQWHG IRU VLPXODWHG NLQHPDWLF ILHOGV LQ RUGHU WR
YDOLGDWHWKHSURFHGXUHZLWKRXWDQ\DGGLWLRQDOGLVWXUEDQFHUHODWHGWRH[SHULPHQWDODFTXLVLWLRQ
7KH FRPSRVLWH VWUXFWXUH LQFOXGLQJ D GHIHFW LVPRGHOHG E\ DQ DVVRFLDWLRQ RI WZR SDUWVZLWK
GLIIHUHQW PDWHULDO SURSHUWLHV )LJ  WKH SDUW  FRUUHVSRQGV KHUH WR WKH ³GDPDJHG´ ]RQH
FRPSDUHGZLWKWKHYLUJLQPDWHULDORISDUW7RSUHGLFWWKHVSDWLDOYDULDWLRQWKHPHWKRGRORJ\
DGRSWHG LQ WKH SUHVHQW VWXG\ LV EDVHG RQ JOREDO DQG ORFDO )(08 LGHQWLILFDWLRQ VWHSV DV
GHVFULEHG RQ )LJ  7KLV SDSHU LQWHQGV WR H[SODLQ WKH WZR ILUVW VWHSV LQYROYHG LQ VXFK




















HSR[\ ODPLQDWHV IRU DYLDWLRQ LQGXVWU\ 7KHLU IRXU LQSODQH HODVWLF SURSHUWLHV KDYH EHHQ
GHWHUPLQHG E\PHDQV RI NLQHPDWLF ILHOGV FRUUHVSRQGLQJ WR DQ RSHQKROH WHQVLOH WHVW 6XFK
PHFKDQLFDO VROLFLWDWLRQ JHQHUDWHV D KHWHURJHQHRXV VWUDLQ ILHOG ORFDOL]HG QHDU WKH KROH WKDW
VWLPXODWHVWKHZKROHVWUDLQFRPSRQHQWV0ROLPDUG
7KHLQSXWGDWDIURPZKLFKLGHQWLILFDWLRQLVGRQHDUHWKHGLVSODFHPHQWILHOGVRQWKHVSHFLPHQ
VXUIDFH ,QRXU FDVH WKHVHGDWD DUH JLYHQE\QXPHULFDO VLPXODWLRQZLWK$EDTXVEXW DUH \HW
GHVLJQHG LQ ZKDW IROORZV DV ³H[SHULPHQWDO´ LQ RUGHU WR FODULI\ WKH OLQN ZLWK FODVVLFDO
DSSOLFDWLRQ RI )(08 PHWKRG 3UHFLVHO\ WKH QXPHULFDO ³H[SHULPHQWDO´ PRGHO LV D '
ODPLQDWHG VROLG WKDW DOORZV D UHSUHVHQWDWLRQ FRQVLVWHQWZLWK WKH UHDOPDWHULDO VWUXFWXUH )RU
VXFK D UHSUHVHQWDWLRQ HDFK SO\ LV PRGHOHG ZLWK LWV PDWHULDO RULHQWDWLRQ DQG LWV PDWHULDO
SURSHUWLHV2QWKHRWKHUKDQGWKHVLPXODWHGPRGHOWREHLGHQWLILHGLVD'KRPRJHQHRXVVROLG
ZKLFKDOORZVWRREWDLQWKHIRXULQSODQHJOREDOHODVWLFSURSHUWLHVRIWKHFRPSRVLWHVWUXFWXUH
7KLVJOREDO LGHQWLILFDWLRQVWHS LV FDUULHGRXWRQDSRLQWV LQWHUHVW]RQHDQG IROORZV WKH
IORZFKDUWLQ)LJ
6XFK PHWKRGRORJ\ KDV EHHQ DSSOLHG IRU D VL[ SOLHV >@V FDUERQHSR[\ ODPLQDWHG
FRPSRVLWH VWUXFWXUH LQ *570 ,W VKRXOG EH QRWHG WKDW WKH FDSDELOLW\ RI WKH YLUJLQ
PDWHULDO SURSHUWLHV LGHQWLILFDWLRQ LV YDOLGDWHG IRU GLIIHUHQW FRQILJXUDWLRQV RI WKH ODPLQDWHG
FRPSRVLWHSOLHVVWDFNLQJDQGRULHQWDWLRQFRPSRQHQWVSURSHUWLHVWKURXJKDFRPSDULVRQZLWK





 ( ( * Ȟ
3DUDPHWHUVJLYHQE\
Kirchhoff-Love theory 03D 03D 03D 
)(08LGHQWLILHG






)LJ D DQGWKH GDPDJHG VWUXFWXUH LQFOXGLQJ D YLUJLQ ]RQH DQG D  PP GLDPHWHU FLUFXODU
RSHQKROHGHIHFW)LJE
 
D 9LUJLQPDWHULDOPRGHO E 'DPDJHGVWUXFWXUH
)LJ0RGHOVIRUWKHGDPDJH]RQHORFDOL]DWLRQ
$WWKLVVWDJHWKHGLIILFXOW\OLHVLQWKHFKRLFHRIWKHNLQGRIPHFKDQLFDOUHVSRQVHWKDWSURYLGHV
WKH PRVW UHOHYDQW IHDWXUH IRU WKH GHWHUPLQDWLRQ RI WKH GDPDJHG ]RQH VKDSH )ROORZLQJ
FODVVLFDODQDO\VHVRQHUURUVDVVHVVPHQWWKH9RQ0LVHVHTXLYDOHQWVWUDLQKDVEHHQFRQVLGHUHG
DV WKH UHSUHVHQWDWLYH IHDWXUHRI HDFKVLWXDWLRQ$ VSHFLILFDOJRULWKP LQ3\WKRQ ODQJXDJHKDV
EHHQSXWLQSODFHWRSHUIRUPDXWRPDWLFDOO\WKHIROORZLQJVWHSV
JHQHUDWHWKHYLUJLQPRGHODQGWKHGDPDJHGVWUXFWXUH
ODXQFK WKH $EDTXV MRE RI HDFK PRGHO DQG H[WUDFW DXWRPDWLFDOO\ WKH WKUHH LQSODQH
FRPSRQHQWVRIVWUDLQILHOGVİİİ
FRPSXWHLQHDFKSRLQWRIWKHLUJULGWKHHTXLYDOHQW9RQ0LVHVVWUDLQRIERWKPRGHOV





D *OREDOHTXLYDOHQWVWUDLQHUURUPDS E /RFDOHTXLYDOHQWVWUDLQHUURUPDS
)LJ(TXLYDOHQWVWUDLQHUURUPDSV
',0(16,212)7+('$0$*('=21(
)URP WKH ORFDO HTXLYDOHQW VWUDLQ HUURU PDS DQ LPDJH SURFHVVLQJ GHYHORSHG E\ D VSHFLILF
DSSOLFDWLRQ LQ *,03 2VWHUWDJ  DQG ,PDJH - VRIWZDUHV Ferreira, 2010 DOORZV WR




7KH ILUVW VWHS RI WKH LPDJH SURFHVVLQJ FRQVLVWV LQ SXWWLQJ LQ JUD\VFDOH WKH HUURU PDS ZLWK
*,03VRIWZDUH )LJ6XFKVRIWZDUHDOORZV LQGHHGDJUD\VFDOH UHSUHVHQWDWLRQZLWKEODFN
DQGZKLWHH[WUHPDZKLFKLVRISDUWLFXODULQWHUHVWIRUWKLVTXDQWLWDWLYHVWHS
 
D *OREDOJUD\VFDOHHUURUPDS E /RFDOJUD\VFDOHHUURUPDS
)LJ*UD\VFDOHHUURUPDSV
)URPWKHORFDOJUD\VFDOHHUURUPDSDWKUHVKROGLQJVWHSLVDOVRDFKLHYHGZLWK*,03LQRUGHU
WR FDSWXUH WKH GDPDJHG ]RQH RXWOLQH 7KLV LPSOLHV WR DIIHFW WKH YDOXH  WR WKH FKRVHQ




JUD\ OHYHOVZKLFKDUH WKHRQH MXVWEHIRUHFLUFXODUVKDSHGHIRUPDWLRQDQG WKHRWKHURQHZLWK
WKHILUVWFLUFXODUVKDSHGHIRUPDWLRQ)LJ
 
D &LUFXODUVKDSHWKUHVKROG E 1RQFLUFXODUVKDSHWKUHVKROG
)LJ7KHWZRWKUHVKROGLQJPDSV
)URP WKHVH WKUHVKROGLQJ PDSV DQ LPDJH SURFHVVLQJ ZLWK ,PDJH - VRIWZDUH KDV EHHQ
GHYHORSHG LQ RUGHU WR REWDLQ DXWRPDWLFDOO\ HDFK VKDSH RXWOLQH )LJ  WRJHWKHU ZLWK HDFK
VKDSHVL]HODUJHVWDQGVPDOOHVWGLDPHWHUV
 




 /DUJHVWGLDPHWHU 6PDOOHVWGLDPHWHU $YHUDJHGLDPHWHU
&LUFXODUVKDSHVL]H PP PP PP










ZLWKLQ RUWKRWURSLF FRPSRVLWHPDWHULDOV IURPNLQHPDWLF ILHOGV 7KH ILUVW VWHS FRQVLVWV LQ WKH




7KHVHFRQGVWHSGHDOVZLWK WKH ORFDOL]DWLRQRI WKHGDPDJHG]RQHXVLQJ WKHJDSEHWZHHQ WKH




7KLV ZRUN QHHGV QRZ WR EH FRPSOHWHG HVSHFLDOO\ WKH LPSOHPHQWDWLRQ RI WKH LGHQWLILHG
GDPDJHG ]RQH ZLWKLQ WKH ILQLWH HOHPHQWPRGHO VWHS  RI )LJ  DQG WKH LGHQWLILFDWLRQ RI
GHJUDGHGSURSHUWLHVVWHSLQ)LJ7KHODWWHUVKRXOGEHDFKLHYHGZLWKWKHVDPHSURFHGXUH
DVIRUWKHYLUJLQPDWHULDO0DQ\VLPXODWLRQFDVHVZLOODOVREHUHTXLUHGLQRUGHUWRHQVXUHWKH



















&DUPRQD 9 (WXGH GH O
HQGRPPDJHPHQW GH PDWpULDX[ FRPSRVLWHV SDU WRPRJUDSKLH ; HW
pPLVVLRQDFRXVWLTXH7KqVHGHO
,QVWLWXW1DWLRQDOGHV6FLHQFHV$SSOLTXpHVGH/\RQ
&KRL0 .DQJ . 3DUN - .LP: .LP . 4XDQWLWDWLYH GHWHUPLQDWLRQ RI D VXEVXUIDFH
GHIHFWRIUHIHUHQFHVSHFLPHQE\ORFNLQLQIUDUHGWKHUPRJUDSK\1'7	(,QWHUQDWLRQDOSS

&ODLUH ' +LOG ) 5RX[ 6 $ ILQLWH HOHPHQW IRUPXODWLRQ WR LGHQWLI\ GDPDJH ILHOGV 7KH
HTXLOLEULXPJDS,QW-1XP0HWK(QJQJ1XPSS




Fazzini M., Dalverny O. and Mistou S., Identification of materials properties using 
displacement field measurement, Key Engineering Materials, 482, pp 57-65, 2011. 
Ferreira T.A. et Rasband W.: The Image J user guide. Rapport technique, http 
://rsbweb.nih.gov/ij/, 2010. 
*DUQLHU&3DVWRU0/(\PD)DQG/RUUDLQ%7KHGHWHFWLRQRIDHURQDXWLFDOGHIHFWVLQVLWX
RQ FRPSRVLWH VWUXFWXUHV XVLQJ QRQ GHVWUXFWLYH WHVWLQJ &RPSRVLWH 6WUXFWXUHV  SS 

*UpGLDF 0 7KH IXOOILHOG PHDVXUHPHQW PHWKRGV LQ FRPSRVLWH PDWHULDO FKDUDFWHUL]DWLRQ
LQWHUHVWDQGOLPLWDWLRQV&RPSRVLWHV3DUW$SS
*XLEHUW 6 /D 7KHUPRJUDSKLH ,QIUDURXJH j GpWHFWLRQ V\QFKURQH DSSOLTXpH DX[ PDWpULDX[
FRPSRVLWHV7KqVHGHO¶8QLYHUVLWpGH/DYDO4XpEHF
,EDUUD &DVWDQHGR & 4XDQWLWDWLYH VXEVXUIDFH GHIHFW HYDOXDWLRQ E\ SXOVHG WKHUPRJUDSK\ 
GHSWKUHWULHYDOZLWKWKHSKDVH7KqVHGHO¶8QLYHUVLWpGH/DYDO4XpEHF
/HFOHUF + 3HULH -1 +LOG ) 5RX[ 6 &RUUpODWLRQ G¶,PDJHV 1XPpULTXHV ,QWpJUpH SRXU
O¶LGHQWLILFDWLRQ GH SURSULpWpVPpFDQLTXHV qPH &RQJUqV)UDQoDLV GH0pFDQLTXH0DUVHLOOH

/HFRPSWH ' (ODVWLF DQG (ODVWR3ODVWLF 0DWHULDO 3DUDPHWHU ,GHQWLILFDWLRQ E\ ,QYHUVH
0RGHOLQJ RI 6WDWLF 7HVWV XVLQJ'LJLWDO ,PDJH &RUUHODWLRQ 7KHVLV RI XQLYHUVLW\ RI %UXVVHO









5 2VWHUWDJ - +DUGHOLQ & *pP\ 6 %DUUH ( /DPDUTXH . 'HOYDUH *18 ,PDJH
0DQLSXODWLRQ3URJUDP*XLGH8WLOLVDWHXU







GH GpWHFWLRQ GH WHFKQLTXHV GH FRQWU{OH QRQ GHVWUXFWLI PpWKRGHV XOWUDVRQRUHV HW PpWKRGHV
RSWLTXHV5HYXH&RQWU{OHV(VVDLV0HVXUHVD
3pURQQHW ( 0LVWRX 6 %UDXOW 5 *DUQLHU & DQG )D]]LQL 0 ;5D\ WRPRJUDSK\ IRU
FRPSRVLWHSDUWVGHVLJQ&RQIpUHQFH)95E
3pURQQHW ( (\PD ) :HOHPDQH + DQG 0LVWRX 6 &KDUDFWHUL]DWLRQ DQG &RPSDULVRQ RI
'HIHFWV 'HWHFWLRQ /LPLWV RI 8OWUDVRQLF 1RQ 'HVWUXFWLYH 7HFKQLTXHV .H\ (QJLQHHULQJ
0DWHULDOVSSD
3pURQQHW ( 3DVWRU 0/ +XLOOHU\ 5 'DOYHUQ\ 2 0LVWRX 6 :HOHPDQH + 1RQ
GHVWUXFWLYH LQYHVWLJDWLRQ RI GHIHFWV LQ FRPSRVLWH VWUXFWXUHV E\ WKUHH LQIUDUHG WKHUPRJUDSKLF
WHFKQLTXHV,&(0E
3pURQQHW ( 'DOYHUQ\ 2 :HOHPDQH + 0LVWRX 6 ,GHQWLILFDWLRQ RI RUWKRWURSLF PDWHULDO
SURSHUWLHVXVLQJGLVSODFHPHQWILHOGPHDVXUHPHQWV(60&F
5LNDUGV 5 &KDWH $ *DLOLV * ,GHQWLILFDWLRQ RI HODVWLF SURSHUWLHV RI ODPLQDWHV EDVHG RQ
H[SHULPHQWGHVLJQ,QWHUQDWLRQDO-RXUQDORI6ROLGVDQG6WUXFWXUHVSS
6FKLOOLQJ 3 - .DUHGOD % 5 7DWLSDUWKL $ . 9HUJHV 0 $ +HUULQJWRQ 3 ' ;UD\
FRPSXWHG PLFURWRPRJUDSK\ RI LQWHUQDO GDPDJH  LQ ILEHU UHLQIRUFHG SRO\PHU PDWUL[
FRPSRVLWHV&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\SS
9DXWULQ $ 6LOYD * 0ROLPDUG - /H 5LFKH 5 /RFDOLVDWLRQ HW LGHQWLILFDWLRQ GH
O
KpWpURJpQpLWp GH FRPSRUWHPHQW PpFDQLTXH GH PDWpULDX[ qPH &RQJUqV )UDQoDLV GH
0pFDQLTXH0DUVHLOOH
<DVKLUR 6 7DNDWVXER - 7R\DPD 1 $Q 1'7 WHFKQLTXH IRU FRPSRVLWH VWUXFWXUHV XVLQJ
YLVXDOL]HG/DPEZDYHSURSDJDWLRQ&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\SS

